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Abstract

Objectives: In this study, we aimed to share the surgical approaches and clinical experiences of cranio-orbital tumors, which are
surgically difficult anatomies.

Methods: A total of 22 orbital tumors with extraorbital-transcranial pathology between January 2004 and December 2017 were
retrospectively reviewed. Information was obtained from hospital, operation and outpatient records for this study. Preoperative
demographic data, ophthalmologic examination findings, clinical and radiological findings were recorded. All patients had cranial
magnetic resonance and cranial computerised tomography examinations at this time. The location of the tumor, its size and its
relation to neighboring structures were recorded in the light of these examinations.

Results: The lateral approach was performed in 12 cases. The lateral approach was performed with frontotemporal craniotomy.
Because of the lateral inferior location of the tumor in three of 12 cases, zygoma osteotomy was added to classical osteotomy. In 10
cases, the anterior approach was applied and the frontal craniotomy was found sufficient in seven cases. In three cases subfrontal
craniotomy was added to classical craniotomy.

Conclusion: The findings obtained in this study suggest that high resection rates can be achieved with appropriate surgical inter-
vention in orbital tumors requiring a transcranial surgical approach. The most important factor in surgical planning is the location
of the tumor. The size of the tumor and the expectation of the percentage of surgical removal are the other important factors. In
our series, it has reached high excision ratio in most cases with low complication rate, good visual field and eye movements results.
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rbit is an anatomical structure measuring approxi-
mately 40 mm in height, 45 mm in depth and up to

cation of localization is made according to the cone shape
starting from the posterior of the eye globe made by ex-

30 ml in volume and confined with cranial, facial and nasal.
Bones Cranio-orbital tumors can be divided schematically
into three groups. Primary lesions originate from structures
within the orbit. Secondary lesions are intracranial tumors
and paranasal sinuses that extend into the orbit from sur-
rounding structures. The third group is metastatic tumors.™

Orbital tumors can be divided into three categories ac-
cording to their anotomic location: 1) Intraconal (within
the cone of extraocular muscles), 2) extraconal, and 3) in-
tracanalicular (within the optic canal) tumors. This classifi-
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traocular muscles and ending in the Zinn ring.?

In terms of surgical approach to orbital tumors, three surgi-
cal approaches can be applied: 1) Transorbital approaches
are generally used for tumors in the anterior part of the
orbit.®! 2) Extraorbital-transcranial approaches are mostly
used for lesions located on the posterior part of the orbit,
lateral and superior optic nerve.** 3) Endonasal transcra-
nial approaches can be used for tumors located in the
medial part of the orbita. 7 The extraorbital-transcranial
approaches are mainly divided into lateral and anterior
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approaches.” In the anterior approach, frontal craniotomy
and subfrontal approach are used, and in the lateral ap-
proach, frontotemporal craniotomy is used and if neces-
sary, osteotomy of zygomatic bone is included.

Methods

Between January 2004 and December 2017, a total of 22
orbital tumors operated by extraorbital - transcranial route
were retrospectively reviewed. Information was obtained
from hospital, surgical and policlinic records. Preoperative
demographic data, ophthalmologic findings, clinical and
radiological findings were recorded. All patients under-
went cranial MRI and cranial CT examinations. The location,
size and relationship of the tumor with neighboring struc-
tures were recorded in the light of these investigations.
Frontotemporal craniotomy was performed through lateral
approach in 12 cases. In three of twelve cases, osteotomy
of the zygomatic bone was added to classical osteotomy
because the tumor had a lateral-inferior location. Anterior
approach was used in 10 cases.

In seven cases, frontal craniotomy was sufficient and in
three cases, subfrontal craniotomy was added to classical
craniotomy. Postoperative cranial CT examination and con-
trast-enhanced cranial MRI examination (to determine the
extent of tumor resection) were performed in all cases. Re-
garding tumor extraction, 22 cases were divided into four
groups as total extraction, subtotal extraction (1-3% of the
tumor was left), partial extraction and biopsy only. Postoper-
ative follow-up was performed using ophthalmologic tests
and pathological results. Control cranial MRI and operation
records were compared in the first month and the expected
resection rate was compared with the radiological results.

Surgical Technique

In this study, two different approaches were used accord-
ing to the localization of the tumor in the orbit.

Anterior Approach

In the anterior approach, the bifrontal skin flap is elevated
by dissection behind the hairline leaving the periosteal tis-
sue intact with a curvilinear incision starting from 1 cm over
the zygomatic arch on the operation side and extending to
the temporal muscle on the other side. The periosteal flap
was then removed separately. During dissection, the supe-
rior rim, medial and lateral walls of the orbit are opened. In
the meantime, the supraorbital nerve is dissected over the
supraorbital notch so as to protect the nerve. The reason of
separate elevation of the periosteal flap is to provide flap tis-
sue with intact blood supply for subsequent skull base re-
construction. A classic frontal craniotomy is then performed.

The frontal craniotomy should be extended to the anterior
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frontal sinus. Then, dura mater tissue should be dissected
from the anterior fossa in skull base, and advanced to the
posterior part of the ethmoid bone. The next step is to re-
move the superior orbital rim and orbital ceiling. For the
removal of the orbital rim, suitable holes may be drilled
open for the titanium plaques that may need to be placed
at the medial and lateral to the points to be dissected dur-
ing closure to obtain improved cosmetic results. Following
removal of the orbital rim, the orbital roof is removed. After
this phase, periorbital fascia is encountered.

Destruction of this tissue that arises from some lesions can
be observed in this phase. However, in tumors that do not
cause tissue destruction or tumors with intraconal location
the tumor will come into sight after opening this perior-
bital fascia. Linear opening of the periorbital fascia in the
anteroposterior direction would be appropriate. Extra-
conal tumors are seen at this stage. After tumor removal,
it will be appropriate to re-suture the periorbital fascia to
prevent the formation of exophthalmos by advancing the
orbital tissues to the cranial area during surgical closure.
Afterwards, the fascia lata graft can be used for reconstruc-
tion of the orbital roof after fixation of the superior orbital
rim. Support can be provided with a previously removed
periosteal flap. Titanium plate-screw can be applied on the
orbital ceiling in large defects. After closure of the orbital
ceiling, fibrin tissue adhesive is applied to the edges of the
implanted tissue flap. The dura mater is sealed watertight.
The frontal bone is placed in situ, and covered with a skin
flap before termination of the operation (Figs. 1, 2).*!

Figure 1. Red Striped Area: Localized lesions suitable for frontal and
subfrontal cranitomy. Blue Striped Area: Lesions suitable for fronto-
temporal crantomy. Green Striped Area: Lesions to which zygomatic
osteotomy was added to the frontotemporal craniotomy.
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Lateral Approach

In this approach, a linear skin incision is made behind the
hairline, starting from the tragus to the end of the temporal
muscle and from there a curvilinear skin incision extend-
ing to the midline is performed. In our approach, temporal
muscle and skin flap are elevated together to reduce the
risk of postoperative muscle atrophy. The skin and mus-
cle flap are elevated forward and the lateral orbital rim is
reached. If necessary, the skin incision is extended further
on away the inferior part of the zygoma and posterior arch
of the zygoma. In spheno-orbital meningiomas after dis-
section of muscle tissue away from the osseous structure,
bone defects or hyperostosis in the lateral wall of the sphe-
noid bone is encountered. Drilling of this structure can be

Figure 2. Axial T2-weighted contrast MR imaging revealed a mass
compatible with meningioma (a) compressing the right optic nerve
from superolateral and inferolateral aspect (a), In axial T2-weighted
contrast MR image obtained after right frontotemporal craniotomy
and lateral orbitotomy. (b) Complete removal of the mass is seen.
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performed at this time. Then, a frontotemporal craniotomy
is performed. The dura is opened in the form of an arc and
removed towards antero-inferior direction. Then, the dis-
section is advanced towards superior orbital fissure, where
dura and surrounding bone tissue are dissected away and
lateral and superior part of the orbit is reached. If neces-
sary, the removal of the orbital ceiling is also performed in
this phase. Afterwards, periorbital fascia comes into sight.
Extraction of the tumor following opening of the perior-
bital fascia will be possible as described in the previous
approach.The principles of closure are the same as the pre-
vious approach (Figs.1, 3).1 3

Results

In our clinic, 22 cases with the diagnosis of orbital tumor
consisting of 14 (63.6%) female and 8 (36.4%) male patients
were operated through extraorbital approach within 14
years. The age range of the patients was between 18 and
78 (mean 41.2, standard deviation 20.9) years. The most

Figure 3. Axial T2-weighted contrast MR imaging shows a mass
compatible with cavernous hemangioma compressing the left optic
nerve from the superomedial aspect (a), and T2 -weighted axial con-
trast MR image obtained (b) after the left frontal craniotomy revealed
complete removal of the mass.
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common clinical finding was proptosis (n=10, 45.4%), and
the second most common finding was ptosis (n=8, 36.4%)
(Table 1). According to the origin of the lesions, 8 (36.4%)
primary, 11 (50%) secondary, and 3 (13.6%) metastatic
cases were detected. The most common lesions were
meningioma in five (22.7%) and cavernous hemangioma in
five cases (22.7%) (Table 2).

A total of 17 cases (77.3%) had benign and five cases
(22.7%) had malignant tumors (Table 2). Regarding surgi-
cal outcomes, total resection was performed in 13 (59.1%),
subtotal resection in five (22.7%), partial resection in three
(13.6%) and biopsy in only one case (%4.5). 2nd). There was

Table 1. Preoperative clinical findings of the patients

Clinical findings Preoperative

Proptosis 10
Ptosis 8
Diplopia 4
Periorbial pain 4
Headache 4
Chemosis 4
Ocular movement disorder 3
Loss of vision 4
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no surgical mortality. One patient had diplopia, and exoph-
thalmus of one patient deteriorated following surgery and
both patients improved after follow-up. In one case, cere-
brospinal fluid (CSF) leakage was observed and stopped by
lumbar drainage. Total or subtotal resection was achieved
in most of the cases (n=18; 81.8%).

The mean follow-up period was 60.35+25 months, ranging
between three and 120 months. During the follow-up, a
second surgical intervention was required in three cases.
In the follow-up of a meningioma with partial resection,
visual field deterioration was detected, and total resection
was performed through the previous frontotemporal cran-
iotomy incision and visual improvement was observed (Fig.
4). Tumor resection was achieved in the case of metastasis
from invasive ductal carcinoma that had previously under-
gone subtotal resection and in a case of small cell cancer of
the lung using partial resection.

Visual field and ocular movement test results were
favourable. The preoperative visual field defect in four pa-
tients improved significantly in three patients. New defects
were detected in three patients who had no visual field im-
pairment before the operation. During follow-ups, two pa-
tients had complete, and one patient had partial improve-

Table 2. Craniotomy types and resection degrees according to pathology results

Pathologic diagnosis Number of patients (n) Surgical approach Resection Relaps
Menengioma 5 1-FTC+Z0 STR
2-FTC TR
3-FTC PR +
4-FTC PR
5-FTC TR
Cavernous hemangioma 5 1-FTC TR
2-FC STR
3-FC TR
4-SFC TR
5-FC TR
Carcinoma metastasis 3 1-FTC +Z0 STR +
2-SFC PR +
3-FC TR
Osteoma 2 1-FC TR
2-FTC +Z0 TR
Schwannoma 2 1-FTC STR
2-SFC TR
Malignant nerve sheath tumor 1 SFC Bx
The frontal sinus induced tumors 1 FC TR
Dermoid tumor 1 FTC TR
Neurofibroma 1 FTC TR
Astrocytoma 1 FTC STR

Craniotomy type: FTC: Frontotemporal craniotomy; ZO: Zygoma osteotomy; FC: Frontal craniotomy; SFC: Subfrontal craniotomy; TR: Total resection; STR:

Subtotal resection; PR: Partial resection; Bx: Biopsy.
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Figure 4. Axial T2-weighted contrast MR imaging demonstrates a
mass compatible with dermoid cyst compressing superolateral of
aspect the right optic nerve (a), and T2 -weighted axial contrast MR
image (b) showing partial removal of the mass after right frontotem-
poral craniotomy.

ment, and one patient had a permanent visual deficit.
While diplopia was present in four patients, two patients
recovered postoperatively.

In three patients de novo cases of diplopia were seen after
the operation, while two of them demonstrated early and
one patient delayed remission. Three patients developed
ocular movement disturbances secondary to the opera-
tion, two of them improved during follow-up and one ocu-
lar movement disorder improved in the late period.

Discussion

The most common finding in orbital tumors is proptosis.
Although visual loss is often seen later, it may be seen
earlier in tumors close to the optic nerve and optic apex.
2 Clinical findings vary according to the localization of the
tumor. Intraconal tumors compress the optic nerve and ex-
traocular muscles, causing visual impairment and impaired
eye movements in the early stage. In advanced phases, in-
traconal tumors cause axial proptosis. Extraconal tumors
give rise to proptosis in the early period. Visual impairment
is the advanced stage symptom of these tumors. Intra-
canalicular tumors bring about visual loss and papillary
edema in the early stage. Proptosis is almost never seen in
these tumors.”? The most common finding in our series was
proptosis at a rate of 45.4% (Table 1).

Primary lesions of orbital tumors are most frequently seen.
B9 |ts incidence was reported as 64% in one study® and as
89% in another study.” In the same series, these incidence
rates were 26% and 9% for secondary tumors. In our series,
most frequently secondary tumors were seen with a rate of
50%, followed by primary tumors with a rate of 36.4%. The
reason for this may be interpreted as the other two series
screened for lesions involving the entire orbit, however, in
our series, only lesions requiring a transcranial approach
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were included in our study.

When the entire orbita is considered, the most common tu-
mor is lymphoid tumors.'> ' In the pediatric group, optic
gliomas are the most commonly encountered eye tumors.
M According to the anatomical localization of the tumor,
lymphoid tumors are most frequently encountered in the
extraconal and cavernous hemangioma common in the in-
traconal location.”

In our series, any lymphoid tumor was not encountered,
which may be interpreted given that the lymphoid tumors
have an extroconal location, and suitable for transorbital
approaches rather than a transcranial approach. In our se-
ries, meningioma and cavernous hemangioma were the
most frequently observed tumors (22.7%) (Table 2).

In a study involving the entire orbit, 64% of the lesions were
benign, and 36% were malignant, and with increasing age,
the incidence of lymphoma and metastasis increased to
58%.1"% However, in another study dealing with the whole
orbit, the malignancy rate was 63% in pediatric and 65% in
elderly patients.® In our series, more frequently benign tu-
mors were detected and the rate of malignant tumors was
only 22.7%.

The anatomical location, size of the tumor and surgical in-
dication are effective in the choice of surgical approach in
orbital tumors.'? When choosing surgical approach, the
approach that is closest to the tumor that may require min-
imal neural tissue retraction should be preferred. Fronto-
temporo-zygomatic craniotomy can be used to provide
a large surgical exposure. Especially in extradural tumors,
frontotemporal craniotomy can be used for minimal neural
tissue retraction. In posterior superomedial tumors, frontal
and/or subfrontal craniotomy may be preferred regardless
of tumor size.> !

The use of intraorbital approaches will be effective in le-
sions localized 1/3 of anterior orbit due to ease of access.
B For the lesions localized in 1/3 of posterior to the orbit,
a long distance is required with intraorbital approaches.
Therefore, extraorbital transcranial approaches will be pre-
ferred in cases where the tumor is supereolateral, supero-
medial and inferolateral in relation to the optic nerve. >
If the tumor is located in the medial and inferior part of the
the posterior region, transnasal endoscopic approaches
would be appropriate.® ! Transorbital approach to an ex-
traconal tumor localized in the 1/3 middle part of the or-
bit is suitable,’® whereas an extracorbital approach to an
intracranial tumor will be appropriate because of the ob-
struction of the eye globe when transorbital approach is
used.™

In our series, localization of the tumor was effective in the
selection of extraorbital transcranial approach. In posterior
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1/3 tumors, anterior approach was preferred if the tumor
was found in supero-medial location and the operation
was performed using frontal craniotomy.® >4 If the tumor
was located superolaterally or laterally, a lateral approach
was preferred and a frontotemporal craniotomy was per-
formed." " Transcranial approach was preferred for the
intraconal tumors in the middle 1/3 part if the tumor. Su-
peromedial lesions were operated by frontal craniotomy
combined with subfrontal approach with removal of su-
perior orbital rim.'"! Superolaterally localized lesions were
operated by frontotemporal craniotomy and zygomatic os-
teotomy was added to existing craniotomy for laterally and
inferolaterally localized lesions.!®!

The objective during the surgery of orbital tumors should be
to remove as much tumor as possible and to preserve visual
acuity and eye movements without damaging functional tis-
sues. From this perspective, total or subtotal removal can be
considered as surgical success. This rate was found to be 85%
in a series of 41 cases.™ In our series, surgical success was
consistent with the literature with a rate of 81.8%. When the
complications in this study were compared, in the same case
series, the patients had transient diplopia (n=2), CSF leakage
(n=1) and enophthalmus (n=1)."!

In our series, the patients had transient diplopia (n=1), CSF
leakage (n=1) and exophthalmos (n=1). In another study,
exophthalmos was not seen in any patient who had not
this disorder preoperatively.'"” Although these smaller
numbers are not suitable for statistical analysis, it can be
said that there is no significant difference regarding com-
plications.

When visual field test results and ocular movement results
are compared, the results are favourable. In a study with 38
patients, in terms of visual field loss, no postoperative deteri-
oration was observed and visual field defects in two patients
were not reportedly improved.'” In our series, the preoper-
ative visual field defects in three of four patients improved
significantly. In three patients who did not have visual field
impairment before the operation, de novo defects devel-
oped. During follow-up period, complete improvement in
two and partial improvement in one case were observed.
Permanent visual deficit occurred in one case.

Preoperatively diplopia was detected in four cases, and
diplopia improved in two in the postoperative period. Three
patients developed de novo diplopia postoperatively, while
two of them had early and one patient had delayed remis-
sion. In the literature, it was emphasized that the rate of vis-
ual complications was low and in a series of 41 cases, in only
two patients, transient diplopia was detected.” In another
series of 38 cases, permanent diplopia was detected in one
patient who had not diplopia preoperatively.'”
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Ocular movement disorder was resolved in two of three pa-
tients. Three patients had ocular movement disturbances
due to the operation. In two of them ocular movement
disorder improved during the follow-up period and one
patient had late recovery. No permanent ocular loss was
found in two studies.> "

In our study, partial or complete improvement was achieved
in three of four patients who had lost their vision before
surgery. As a result of the operations performed, one pa-
tient had permanent vision loss. There was no permanent
diplopia developed due to surgery. However, in two of four
patients, preoperative diplopia was resolved after the oper-
ation. Permanent ocular movement disorder was observed
in one patient due to surgery, and two of the three cases
with preoperative ocular movement disorder improved
after surgery. In our study with high resection rate, these
numbers are considered to be within acceptable limits.

Conclusion

In orbital tumors that require transcranial surgical ap-
proach, high resection rates can be achieved by choosing
an appropriate surgical intervention. Although the most
important factor in surgical planning is the location of the
tumor, the size of the tumor and the expectation on the
percentage of surgical removal are otherimportant factors.
In our series, high excision rate was achieved in most cases
with low complication rates, improved vision and normal
eye movements.
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